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Introduction: Sleep-disordered breathing (SDB) is a term for breathing difficulties 
occurring during sleep and encompasses frequent loud snoring to Obstructive Sleep Apnea 
(OSA). SDB in children has been linked to daytime sleepiness, poor school performance, 
hyperactivity, cardiovascular complications, impaired overall growth, development of 
malocclusion, and craniofacial disharmony. The American Academy of Pediatrics and the 
American Association of Orthodontists (AAO) urge more studies to educate about etiology, 
symptoms, and sequelae of SDB. Therefore, this study proposed to investigate the 
association between symptoms of SDB and malocclusion and craniofacial disharmony in 
children. 
Methods: The Pediatric Sleep Questionnaire (PSQ) was used to obtain cross-sectional data 
from a sample of parents attending their child’s appointment at Nova Southeastern 
University’s Orthodontic Clinic. Additional questionnaire items included literature-supported 
SDB-related sociodemographic and clinical history information. Specific variables of 
v 
malocclusion and craniofacial disharmony were analyzed using the child’s photos and casts. 
Univariate, bivariate, and multivariable logistic regression analyses were used to assess the 
specific aims.  
Results: Of 147 participants, sixteen children (10.9%) were at risk for SDB. Significant 
bivariate associations were found between risk for SDB and tonsilloadenoidectomy (p = 0.015) 
and allergies (p = 0.041). The final model indicated children with a tonsilloadenoidectomy were 
83.6% less likely to be at risk for SDB (adjusted odds ratio [AOR] = 0.164, 95% confidence interval 
[CI] 0.034, 0.795). Ten children (6.8%) were at risk for snoring. The final model for snoring risk 
indicated that children who qualified for free/reduced lunch were 4.5 times more likely to be at risk 
for snoring (AOR=4.533, 95% CI 1.037-19.806) while children with a deep/narrow palate were 
84.8% less likely to be at risk for snoring (AOR=0.152, 95% CI 0.033, 0.693).  
Conclusions: Though no significant associations were found between the children’s 
dentofacial measurements and the parent responses on the PSQ, a history of 
tonsilloadenoidectomy produced a significant association with risk of SDB. Additionally, 
significant associations with snoring risk were found with qualification for free/reduced 
lunch and palatal measurements. Our findings suggest that orthodontists are at unique 
position to screen for SDB and snoring. Our study proposes the PSQ, with additional SDB-
related medical history questions and dentofacial measurements, for orthodontists to use as a 
screening tool.   
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1.1.1. Definition of Sleep-Disordered Breathing 
 
Sleep-disordered breathing (SDB) is a general term for breathing difficulties 
occurring during sleep and ranges from frequent loud snoring to Obstructive Sleep Apnea 
(OSA).1 OSA occurs when there is a prolonged partial airway obstruction and/or 
intermittent complete obstructions, and the gold standard for diagnosis is 
polysomnography (PSG).2 SDB, on the other hand, does not currently have a widely 
accepted, standardized definition.1 For example, children with classic OSA, obstructive 
hypoventilation, or snoring with daytime symptoms all qualify as having SDB. 1 
However, the most all-encompassing definition is from the American Thoracic Society, 
which characterizes pediatric SDB as “prolonged increased upper airway resistance, 
partial upper airway obstruction, or complete obstruction that disrupts pulmonary 
ventilation, oxygenation, or sleep quality.”1 
1.1.2. Prevalence of Sleep-Disordered Breathing 
 
While the prevalence of OSA in children is less than 10%, the prevalence of 
snoring in children, depending upon the source, ranges from 35% to 67% making it a 
relatively common finding.2-4 Classically, snoring was considered benign in children who 
completed a PSG test but who did not reach the cutoff for OSA.1 Recently, however, it 
has been shown that snoring alone can be associated with severe consequences on both 
sleep disturbances and subsequent daytime symptoms.1,5 Carroll stated in his paper from 
2004 that “snoring always indicates some degree of partial airway obstruction…” and 
that these children may have “severe or worse [sleep disruption and daytime symptoms] 
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than symptoms associated with full-blown ‘classic’ childhood OSAS.”1 In 2012, the 
American Academy of Pediatrics published a Technical Report on OSA and reported that 
“snoring was found to be strongly predictive of a future diagnosis of hyperactivity...”2 
SDB is an underdiagnosed disease as the symptoms are not easily categorized, vary 
greatly from child to child, and have not been well defined across medical specialities.1,6 
1.1.3. Sequelae of Sleep-Disordered Breathing 
 
SDB in children has been linked to daytime sleepiness, poor school performance, 
inattention, hyperactivity, cardiovascular complications, impaired overall growth, 
development of malocclusion, and craniofacial disharmony.1,7,8 Even children on the 
lower end of the continuum of SDB can be significantly impacted. During the night, 
children with SDB can experience a combination of snoring, increased respiratory effort, 
restless sleep, enuresis, or multiple awakenings affecting overall quality of sleep.1,6-9 This 
could lead to additional serious daytime symptoms of excessive daytime sleepiness, 
fatigue, frequent respiratory infections, systemic inflammation, behavior problems, and 
poorer overall growth.1,6-10 
Numerous studies link SDB with malocclusions and craniofacial growth 
abnormalities.6,7,9 In 2011, Huynh et al published an article that described some of these 
pediatric craniofacial abnormalities in the vertical, transverse, and sagittal dimensions.6 
This verified what Jefferson reported in his research in 2010.9 The malocclusions and 
craniofacial disharmonies that are associated with SDB reported in the literature include: 
anterior open bites, posterior crossbites, crowding, high-arched narrow palates, excessive 
overjet, long and narrow faces, midface deficiencies, and retruded mandibles.6-11 
Moreover, a relationship has been reported between inadequate airway volume, SDB, and 
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mouth breathing, defined as breathing through the mouth instead of the nose.9 Chronic 
mouth breathing leads to a change in posture of the mandible and tongue, which can 
adversely affect the surrounding dentition and development of craniofacial 
morphology.9,11 Therefore, a cycle appears to exist between mouth breathing and daytime 
symptoms, SDB symptoms at night, and effects on the developing craniofacial skeleton 
and dentition. 
1.2. Polysomnography and Screening Tools 
 
 Though PSG is the gold-standard for diagnosing sleep disorders, it requires effort, 
time, and expense on the child and family.12 Also, the literature reports several 
shortcomings of PSG, for example, that the test focuses more on the respiratory and 
cardiovascular metrics during sleep instead of on the quality of sleep.1 The American 
Academy of Pediatrics’ Technical Report published in 2012, titled the Diagnosis and 
Management of Childhood Obstructive Sleep Apnea Syndrome, concluded that the 
standard PSG was developed to detect cardiorespiratory variations and “may not be an 
adequate tool for detection of sleep changes that affect neurophysiological function.”2 
PSG may not be able to distinguish the children at risk for the adverse sequelae of SDB. 
Additionally, most of the standardized values of the PSG results are only applicable to 
classic pediatric OSA, so there is uncertainty on the applicability of PSG results to SDB.1  
 Numerous screening tools have been developed in order to assess children for 
sleep disorders, including the Epworth Sleepiness Scale, the Sleep Disturbance Scale for 
Children, the Pediatric Daytime Sleepiness Scale, and the Pediatric Sleep Questionnaire 
(PSQ) .13, 14 While these screening questionnaires cannot replace PSG or be used to solely 
diagnose SDB, they are a useful adjunct to assess clinical manifestations of SDB that 
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may not be readily apparent and can assist the healthcare provider to make proper 
referrals to a specialized medical professional for further evaluation.2  
1.3. The Orthodontist’s Impact 
 
According to data provided by the American Association of Orthodontists (AAO) 
in 2017, orthodontists treat an average of 402 patients in the age range of 8-17 yearly.15 
Moreover, projections from the U.S. Census Bureau show that by the year 2020, the 
population of children aged 6 -17 will be 49.5 million.16 These figures indicate that the 
expected volume of patients in the pediatric age range that could potentially seek 
orthodontic services is and will be significant. Therefore, orthodontists are in a unique 
position to screen pediatric patients for SDB, as many of the malocclusions and 
craniofacial disharmonies associated with SDB overlap with everyday presentations of 
patients in orthodontic clinics. 




Several organizations like the American Academy of Pediatrics, the American 
Association of Orthodontists, and the American Academy of Sleep Medicine urge more 
studies about SDB with the intent to educate healthcare professionals about the etiology, 
symptoms, and sequelae.2,13 17 They also encourage healthcare professionals, including 
orthodontists, to screen for SDB in children and make the appropriate necessary referrals. 
This project employed the Pediatric Sleep Questionnaire as an easy and quick screening 
tool for orthodontists to administer when gathering medical histories. Therefore, the 
purpose of this study was to investigate the association between scores on the Pediatric 
Sleep Questionnaire (PSQ) and the presence of malocclusion or craniofacial disharmony. 
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Ultimately, if the outcomes from this study presented an association between SDB risk 
and orthodontic measures, then the orthodontist could identify and refer children who are 
at risk for SDB to a pediatrician for a complete diagnosis and, if needed, treatment. 
1.4.2. Specific Aims 
 
Specific Aim 1: To describe the outcomes from the parent-reported scores on the PSQ. 
 
Specific Aim 2: To determine the association between total composite score on the PSQ 
and the presence of malocclusion or craniofacial disharmony. 
• Hypothesis: There is an association between the overall scores of the PSQ and the 
presence of malocclusion or craniofacial disharmony. 
• Null Hypothesis: There is no association between the overall scores on the PSQ 
and the presence of malocclusion or craniofacial disharmony. 
Specific Aim 3: To determine the association between the scores on the snoring section 
of the PSQ and the presence of malocclusion or craniofacial disharmony.  
• Hypothesis: There is an association between the scores on the snoring section of 
the PSQ and the presence of malocclusion or craniofacial disharmony. 
• Null Hypothesis: There is no association between the scores on the snoring 









This cross-sectional study utilized data from the PSQ which elicited parent 
responses of symptoms of SDB in children aged 5-18 years old who received treatment at 
the Nova Southeastern University (NSU) postgraduate orthodontic clinic. The child’s 
orthodontic chart was accessed to retrieve facial photos and dental casts to make 
measurements for malocclusion and craniofacial disharmony parameters and correlate 
them with scores on the PSQ. Study protocols were reviewed and approved by the NSU 
Institutional Review Board (IRB) prior to study initiation. 
2.2. Participants 
 
Participants for the study were recruited from among parents attending their 
child’s regularly scheduled orthodontic appointment at the NSU Orthodontic Clinic. 
Participants were selected by convenience sampling, defined as a type of nonprobability 
sampling where participants of the study are recruited based on proximity, accessibility, 
availability at a given time, and willingness to participate.18 Specifically, participants 
were parents of orthodontic patients aged 5-18 who had records taken and started 
orthodontic treatment since January 1, 2018 until June 21, 2019. The criteria for inclusion 
in this study were participants that were parents and/or legal guardians of children 
between 5 and 18 years of age who have been diagnosed with a malocclusion, who spoke 
English or Spanish, and who were willing to voluntarily participate in the study and sign 
the IRB consent form acknowledging their consent to participate. Parents who agreed to 
participate but reported that their child had a development syndrome, a history of cleft lip 





The schedule from the NSU Orthodontic Clinic was accessed and reviewed daily 
by the Principal Investigator (PI) to determine eligibility of participants. The PI 
approached the parents of the eligible children in the waiting room and gave a brief 
explanation of the study. Once verbal consent was obtained, the PI provided additional 
information about the research study. Written informed consent and the NSU HIPAA 
authorization form were explained to the parents and the parents were asked to sign the 
forms. A copy of these forms were available upon request. Parents were informed that 
they could decline to participate in the study at any time and that declining would not 
result in penalties, loss of service to their child, alterations in their child’s orthodontic 
treatment, or have any ramifications relative to the ability to seek or decline orthodontic 
care at NSU. 
2.4. Data Collection 
 
The participants completed the consent form, HIPAA authorization, and the PSQ 
with the additional demographic and clinical history items. The instrument was 
administered in paper-pencil format (See Appendix A). The survey forms were available in 
both English and Spanish. Once the completed forms were collected, the responses of the 
PSQ were matched to the clinical records of the children receiving treatment using both the 
child’s name and date of birth provided by the parent on the questionnaire. The facial 
photographs and dental casts, taken at the initial records appointment, were retrieved by 
confirming the child’s name and birthdate in the secure patient portal and then analyzed. 
The data gathered from these records included the child’s profile angle, lower face height 
ratio, palatal depth and height, overjet, overbite, molar classification, presence or absence 
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of crossbites, and crowding. These measurements are defined in section 2.6.3. All 
responses to the PSQ and orthodontic measurements were recorded in a password protected 
Excel Spreadsheet stored in a protected university server. All forms and data acquired in 
this study was managed in compliance with IRB protocols and will be stored and 
disposed accordingly. 
To encourage participation and to thank the participants for their time, an 
opportunity to enter a drawing was provided as an incentive. The participants who 
completed the PSQ and associated demographic and medical history questions in its 
entirety were entered into a drawing for one of ten Amazon HD Fire Tablets. A table of 
random numbers was employed to select 10 winners from the participant sample. The 
winners were notified by phone call on November 1, 2019 and their addresses were 
verified. Participants were given the option to pick up the tablet at the next appointment 
or to receive it via regular mail.  
2.5. Dependent Variable 
 
Specific items and total scores on the Pediatric Sleep Questionnaire: Sleep 
Related Breathing Disorder Scale (PSQ) were employed as dependent variables in this 
study. The PSQ is a 22-question closed response questionnaire, each item employing a 
“Yes” or “No” format, that was developed for use in clinical research to screen for the 
presence of symptoms of SDB.12 The questionnaire inquires from parents information 
about prominent symptoms linked to SDB including snoring, daytime sleepiness, and 
behavioral problems, as well as “other” questions concerning weight, enuresis, and 
delayed growth. It has been validated against the gold standard for detecting SDB, 
polysomnography, with a sensitivity of 0.85 and a specificity of 0.87.12 It is valid for 
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children aged 2-18 and is simple and concise for parents to complete. For this study, the 
English and the Spanish forms were employed. Permission and a copy of the PSQ 
instrument in English and Spanish were obtained through a licensing agreement with Dr. 
Ronald Chervin on behalf of the University of Michigan through Nouvant Online 
Technology Marketing and Licensing (see Appendix B). 
According to Chervin, a total score is obtained by dividing the amount of “Yes” 
responses by the total of the “Yes” + “No” answers.19 Therefore, incomplete/skipped 
answers or “Don’t Know” answers are excluded. The total score is a number that is a 
proportion ranging from 0.0 to 1.0 with scores above 0.33 considered suggestive of risk 
for SDB (8 positive “Yes” answers if all the items receive a response). According to the 
standardization and validation information of the instrument, while the overall score on 
the PSQ had the strongest association with a SDB diagnosis, each subscore (snoring, 
sleepiness, and behavior) were also significantly associated with SDB: snoring 
(P<0.0001), sleepiness (P=0.0003), and behavior (P<0.0001).12 The Cronbach’s alpha, a 
measure of internal consistency, was obtained and reported during the validation study of 
the PSG for each scale: snoring scale, 0.86; sleepiness scale, 0.66; behavior scale, 0.83; 
and overall SDB scale, 0.88.12 The Spearman association coefficient, as measure of test-
retest reliability, was: snoring, 0.92 (P<0.0001); sleepiness, 0.66 (P=0.0010); behavior, 
0.83 (P<0.0001); and overall SDB, 0.75 (P<0.0001).12 
In addition to the PSQ items, additional items were included to measure factors 
that have been identified as correlates of SDB: the weight and height of the patient for 
BMI calculation, history of adeno/tonsillectomy, history of asthma and allergies, history 
of frequent colds, history of thumb-sucking habits, race, parental smoking habits, and 
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parental educational level.4,6,7,20,21 A copy of the English and Spanish forms of the 
questionnaire are included in Appendix A. 
For Specific Aims 2-3, the dependent variables were outcomes from the PSQ. 
Specifically, for Specific Aim 2, the dependent variable was the total score on the PSQ. 
The total score on the PSQ is a continuous scale ranging from 0 to 22. However, for 
purpose of this study, the PSQ total scores were transformed to a categorical scale 
following the scoring guidelines reported by Chervin.19 Specifically, scores of 0.33 and 
above were coded as “Yes”, indicating a risk for SDB, and scores below 0.33 were coded 
as “No” indicating a not at risk for SDB. For Specific Aim 3, the dependent variable was 
the PSQ outcomes from the items that measures snoring habits12 (first four items under 
question 1 – see Appendix A) using a median split; parents who answered “yes” to 2 or 
more questions had children at risk for snoring, while those who answered “yes” to less 
than 2 questions had children who were not at snoring risk.  
2.6. Independent Variables 
 
2.6.1 Malocclusion 
Normal occlusion was defined by Angle as teeth aligned on the line of occlusion 
(a smooth curve passing through the central fossa of each upper molar and across the 
cingulums of anterior teeth, and through the buccal cusps and incisal edges of the lower 
teeth) with a molar relationship of the mesiobuccal cusp of the upper first molar 
occluding with the buccal groove of the lower first molar.22 Malocclusion, therefore, is 
any dental relationship in which this molar configuration does not exist or in which with 






2.6.2. Craniofacial disharmony 
 
Disharmony is any deviation from normal craniofacial development.22 Examples 
of this are long and narrow faces, lower thirds that are too long in proportion to the face 




Both malocclusions and craniofacial measurements were made in the three planes 
of space (sagittal, vertical, and transverse). This data was taken from the standard records 
obtained for each orthodontic patient at NSU: frontal and lateral facial pictures and 
impressions for dental casts. The table below presents the independent variables and the 
measurement scale that were employed in the analysis of the data. 
Table 1. Craniofacial Disharmony and Malocclusion Measurements 
 
Skeletal Dental 
Sagittal 1. Picture: Profile angle (degrees). 
Outcomes will be classified as 
either convex, straight, or concave. 
Categorical scale. 
1.     Overjet (mm). Classified 
as reverse, normal, or severe. 
Categorical scale. 
2.     Molar relationship 
(Class I, II, or III). 
Categorical scale. 
Vertical 1.  Picture: Lower third (“short,” 
“normal,” “long”). Categorical 
scale. 
1.     Overbite (mm). 
Classified as open bite, 
normal, or deep bite. 
Categorical scale. 
Transverse 1.     Palatal vault size and shape: 
“deep or narrow”, “normal,” or “flat 
or wide”. Categorical scale. 
1.     Crossbite of 2 or more 
teeth (yes or no). Categorical 
scale. 
2.     Crowding (mm). 
Classified as mild, moderate, 







1. Profile angle: Soft tissue Glabella – Subnasale, Subnasale – soft tissue 
Pogonion. The angle of 165-175 degrees indicated a class I or straight 
profile, <165 degrees indicated a class II or convex profile (maxilla too far 
forward or mandible too far backwards), and >175 degrees indicated a 
class III or concave profile (maxilla too far backwards or mandible too far 
forward).22 
2. Lower third height proportion: Soft tissue glabella - Subnasale, Subnasale 
– soft tissue Menton.24 These measurements should be roughly equivalent, 
with the lower third only slightly longer than the central third.22 A short 
lower third had the proportion of greater than 1.1, a normal lower third 
ranged in proportion from 0.9-1.1, and a long lower third was less than 0.9 
in proportion.24 
 Palatal measurement: 
1. The palatal value size and shape was recorded from the dental casts. It was 
categorized as “deep or narrow” if the distance from the occlusal surface 
and apex of vault (height) appeared increased and horizontal distance 
(width) appeared decreased, “normal” if the palatal vault was a usual 
height and width, and “flat or wide” if the height appeared decreased or 
width appeared increased.6 
Dental measurements: 
1. Overjet: the amount the upper incisors protrude horizontally beyond the 
lower incisors.25 The overjet from the most protrusive upper incisor to the 
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most retrusive lower incisor was recorded in millimeters. 2-3 mm was 
considered as “normal”, “reverse” overjet was recorded if the 
measurement was less than 2 mm, and “severe” overjet was recorded for 
measurements greater than 3 mm.22 
2. Molar relationship: the position of the upper first molar relative to the 
lower first molar. A class I molar relationship was defined as the 
mesiobuccal cusp of the maxillary first molar occluding in the buccal 
groove of the lower first molar, a class II molar relationship was defined 
as any distal displacement of the mandibular first molar relative to the 
mesiobuccal cusp of the maxillary first molar, and a class III molar 
relationship was defined as any mesial displacement of the mandibular 
first molar relative to the mesiobuccal cusp of the maxillary first 
molar.22,25 If the molar relationships were different on the right and left 
side, the more severe (i.e. class II or class III) relationship was recorded 
over the class I relationship. 
3. Overbite: the amount the upper incisors that vertically overlap the lower 
incisors.22 The overbite from the most overlapping incisal edges were 
measured. 1-2 mm was recorded as “normal” overbite, “open bite” was 
recorded if less than 1 mm overlap was present, and “deep” bite was 
recorded if greater than 2 mm of overbite was present.22 
4. Posterior crossbite:  the relationship of maxillary posterior teeth are 
lingually displaced compared to the mandibular posterior teeth.22 This was 
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recorded as a “yes” answer if  2 or more teeth were in crossbite, or “no” if 
no crossbite or only one tooth in crossbite was present. 
5. Crowding: A millimeter measurement of the size of the teeth versus the 
available space in the bony dental arch was recorded to determine severity 
of crowding.22 “Mild” crowding was recorded if 1-3 mm discrepancy was 
present, “moderate” if 4-6 mm of crowding was present, and “severe” if 7 
mm of more crowding was present.26 
2.7. Statistical Analysis  
The sample size for this study was determined using the guidelines provided in 
Hsieh, F.Y., Block, D.A., and Larsen, M.D. (1998) and Pass 16 software (NCSS, LLC) 
functionality.27 Results from the PASS 16 analysis for the following parameters: a small 
size effect, a Cohen’s d of .2 equivalent to an odds ratio of 1.68, a power of .80 and an 
alpha of .05, and a prevalence of snoring symptoms in children of 59.7%, for a binary 
logistic regression model with 8 explanatory variables showed the recommended sample 
size was approximately 460.4,28,29 The snoring prevalence in children reported in the 
referred literature ranges from 28% to 68%.2,4 For this study, a prevalence rate was 




Figure 1: Power analysis for multiple logistic 
regression analysis with up to 8 
covariates, baseline probability of 0.40, 
alpha of 0.05, and power of 0.80.  
 
The analysis of data collected in this study includes univariate, bivariate, and 
multivariable analyses. Also, a missing data analysis was employed to determine the 
extent to which data was missing completely at random (MCAR). 
The univariate analysis was used to describe the outcomes from the PSQ, the 
socio-demographic questions, and patient history characteristics of the sample. 
Frequencies and percent frequencies were reported for each PSQ item.  
The bivariate analysis determined the magnitude and the significance of the 
unadjusted associations between the dependent variables and each independent variable. 
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(risk vs. not at risk for SDB – Specific Aim 2) and for the dichotomized score on the 
snoring section (risk vs. not at risk for snoring – Specific Aim 3).  
A multivariate logistic regression analysis followed. The multivariate logistic 
regression analysis was employed to predict, from the explanatory variables, the 
dichotomous variables identified as dependent variables in Specific Aims 2 and 3. A 
binary logistic regression is often employed if the explanatory variables are a 
combination of continuous and categorical variables and the predicted variables are 
dichotomous. The initial model included independent variables whose association with 
the dependent variable resulted in a p-value of ≤ 0.25.29 The recommendation of a p-
value of 0.25 or less for the initial variable selection is based on the work by Hosmer and 
Lemeshow (2013).29 A stepwise procedure was employed to include in the final model 
predictor variables with a p-value of less that .05. The final model included age and 
gender regardless of the p-value, based on previous work by Chervin.12 Furthermore, a 
classification table was generated to determine the percentage of the original data set that 






Chapter 3: Results 
3.1 Participation Summary 
 One hundred and forty-nine parents attending the NSU Orthodontics Clinic for 
their child’s regularly scheduled appointment participated in this study between January 
2, 2019 and June 21, 2019. From those who agreed to participate, one participant did not 
fill out the back page of the questionnaire and another participant’s child did not have 
initial photos in her chart, so both cases were excluded. This resulted in a total of one 
hundred and forty-seven participants.  
3.2 Descriptive Statistics 
 Descriptive statistics for the data collected in this study are presented in Table 2 
(Appendix C). The participants were asked to report demographic information about their 
children. The majority of the children were female (55.8%) with an average age of 13.5 
years old. Among the participant’s children, the majority were Hispanic/Latino (38.8%), 
followed by White (35.4%) and Black or African-American (25.9%).  Approximately 
half of the parent participants reported their highest level of education was post-
secondary (49.7%), while 19.7% completed high school or obtained a GED, 26.5% 
completed middle school, and 4.1% did not answer. Most of their children (80%) 
attended public school and over half (61.4%) qualify for free or reduced lunch.  
 Seven questions were added to the questionnaire that measured factors identified 
as correlates of SDB and are presented in Table 3. These questions inquired about the 
weight and height of the patient for BMI calculation, history of tonsilloadenoidectomy, 
history of asthma and allergies, history of frequent colds, history of thumb-sucking 
habits, and parental smoking habits. 4,6,7,20,21 Parents were asked to report the height and 
 
18 
weight of their child in order to calculate BMI, but 33.7% of the parents left either the 
child’s weight or height blank so BMI could not be calculated for this group. Of the 98 
remaining participants, the average BMI was 19.4. A history of a tonsilloadenoidectomy 
was reported in 5.6% of children and 10.9% of participants reported their child sucked his 
or her thumb. Parents reported a history of asthma in 17.9%, allergies in 28.3%, and 
frequent colds in 5.4% of children. The majority of parents did not report a history of 
smoking inside the house or car (96.6%), but of the ones that did, 4.7% of respondents 
reported only one parent smoked and 2.8% reported both parents smoked inside.  
 The percentages of “Yes,” “No,” and “Don’t Know” responses to each item on 
the PSQ are also reported in Table 4. The questions that elicited the highest percent of 
positive responses (“Yes” answers) were to questions 6, 10c, and 10f resulting in 25.5%, 
22.1%, and 18.5% “Yes” responses respectively. These questions were related to specific 
children’s behaviors such as: “Is it hard to wake your child up in the morning?,” “This 
child is often distracted by extraneous stimuli?,” and “This child often interrupts or 
intrudes on others?”. Most of the parents’ responses across all items were either “Yes” or 
“No”, and the highest “Don’t Know” option selected by parents was 11% for question 3b, 
indicating they did not know if their son or daughter woke up with a dry mouth in the 
morning. 
 To determine if a child was at risk for SDB from the PSQ responses, the 
guidelines described by Chervin in Section 2.5 were employed to obtain the ratio of 
“Yes” answer to the total answers, omitting the “Don’t Know” option. According to 
Chervin, the total score is obtained by dividing the amount of “Yes” responses by the 
total of the “Yes” + “No” answers.19 Therefore, incomplete/skipped answers or “Don’t 
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Know” answers are excluded. The total score is a number that is a proportion ranging 
from 0.0 to 1.0 with scores above 0.33 considered suggestive of risk for SDB (8 positive 
“Yes” answers if all the items receive a response). A total of sixteen children (10.9%) 
scored in the risk range of the scale for SDB (Table 4). 
 From the children’s orthodontic records, skeletal data were measured and 
recorded (Table 5). Approximately an even distribution of straight (46.9%) and convex 
(45.6%) profiles were found with 7.5% of children having a concave profile. The facial 
lower third proportion was normal (71.4%) in most children, with 12.2% having a long 
lower third and 16.3% having a short lower third. The palatal vault was also normal in 
most children (57.1%), with an almost even distribution of deep or narrow (22.4%) 
palates and wide or flat (20.4%) palates found.  
 The dental measurements recorded from the orthodontic records showed over half 
of the children (50.3%) had severe overjet, while 28.6% of children had normal overjet 
and 20.4% had reverse overjet. Over half of the children (53.1%) had a Class I molar 
relationship, 34.7% were Class II, and 12.2% were Class III. Most subjects had a deep 
overbite (62.6%), with a normal overbite recorded in 21.1% of children and an open bite 
measured in 15.6% of children. A posterior crossbite of two or more teeth was present in 
20.4% of patients. Lastly, there was a fairly even distribution of mild, moderate, and 
severe crowding (25.9%, 21.8%, and 30.6% respectively) among the children, while 
21.8% of children had spacing in their dentition. This information is presented in Table 5.  
 To confirm the measurements, five children’s records were remeasured by the 
PI’s mentor, an orthodontist with over 40 years of experience. Among the 40 variables 
tested (8 variables per child), 2 variables were different between the two raters, leading to 
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a 95% similarity in measurements. The differing measurements were for crowding, where 
the PI recorded “severe” and the mentor recorded “moderate,” and for lower third 
proportion, where the PI recorded “long” and the mentor recorded “normal”.  
3.3 Bivariate Analysis 
The bivariate analysis determined the magnitude and the significance of the 
associations between the dependent variable (risk or no risk for SDB) and each 
independent variable. The variables for craniofacial disharmony (profile angle, lower third 
height, and palatal vault) and malocclusion (overjet, molar relationships, overbite, crossbite, 
crowding) were dichotomized with one category representing, according to the review literature, 
the characteristic associated with SDB and the remaining variables grouped into the “other” 
category. 6-11 For example, the variable of profile angle was originally reported as “straight,” 
“convex,” or “concave,” and was dichotomized as “convex” or “other.” The variables were 
grouped because the amount of cases in many categories were too small and, therefore, unfit for 
statistical analysis. Table 6 shows the coding of the dichotomized explanatory variables.  
None of the recorded demographic variables (age, gender, race/ethnicity, 
socioeconomic status) had a significant association (p <0.05) with the dependent variable 
(at risk vs. not at risk for SDB). These are shown in Table 7.  
 From the questionnaire responses, only two medical history questions resulted in 
a significant association: “Has your child has his/her tonsils and/or adenoids removed?” 
(p value = 0.015, OR = 0.178, 95% CI 0.038, 0.830) and “Does your child have 
allergies?” (p value = 0.041, OR = 0.344, 95% CI 0.119-0.989). The bivariate association 
results are reported in Table 8. None of the recorded skeletal or dental measurements 
resulted in significant associations. Refer to Table 9 for detailed information.  
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From the PSQ (Appendix A), numerous questions produced a significant 
association with risk for SDB with a p-value<0.05. Questions #1a-1b evaluated frequency 
and loudness of snoring; #1e, #2, #3a, and #3b evaluated breathing problems and mouth 
breathing; #3c asked if the child wets the bed; #4a, #4b, and #5 inquired about sleepiness 
in the morning and during the day; #9 evaluated if the child was overweight; and #10a-
10e evaluated hyperactivity and inattention. The unadjusted odds ratios and 95% 
confidence intervals can be viewed in Table 10.  
3.4 Multivariate Logistic Regression 
 Multivariate logistic regression was used to determine if the independent variables 
were significant predictors of the dependent variable. According to Zhang, logistic 
regression model is used often in medical literature in order to investigate an effect of a 
variable on binomial outcomes.30 Initial model building included all variables that were 
associated with the dependent variable with a p-value of <0.25.29 Model building began 
with selected variables forced into the model, independent variables outlined in Specific 
Aims 2 and 3, and all covariates with a p-value ≤ 0.25. Gender and age were forced into the 
model following the guidelines for model building stipulated by Chervin.12 Model building then 
proceeded with stepwise deletion of non-significant variables, resulting in the most 
parsimonious and explanatory model following the methodology of Hosmer and Lemeshow.29 
3.4.1.  Total composite score on the PSQ and the presence of malocclusion or craniofacial 
disharmony 
 As presented in Specific Aim 2, we examined the association between total 
composite score on the PSQ and the presence of malocclusion or craniofacial 
disharmony. A total score is obtained by dividing the amount of “Yes” responses by the 
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total of the “Yes” + “No” answers.19 Incomplete/skipped answers or “Don’t Know” 
answers were excluded. The total score is a number that is a proportion ranging from 0.0 
to 1.0 with scores above 0.33 considered suggestive of risk for SDB. These proportions 
were then dichotomized into no risk of SDB (<0.33) and risk of SDB(≥ 0.33). The 
independent variables that were included in the initial model building were all of the variables 
that resulted in an association with a p-value of <0.25 in the bivariate analysis : 
tonsilloadenoidectomy (p=0.015) , allergies (p=0.041),  asthma (p=0.101), frequent colds 
(p=0.187), palatal vault (p=0.126), overbite (p=0.099), and crossbite (0.081). Gender and age 
were force entered into the model.  
 Variables were eliminated in a stepwise fashion resulting in a final model that included 
significant predictors (alpha=.05) of SDB and the force entered variables. The resulting model 
for Specific Aim 2 included one explanatory variable, removal of tonsils and/or adenoids, as 
well as gender and age as control variables. Removal of tonsils and/or adenoids resulted in an 
adjusted odds ratio of 0.164 (AOR = 0.164, 95% CI 0.034, 0.795). The final model indicated 
that children who had a tonsilloadenoidectomy were 83.6% less likely to be at risk for SDB 
(Table 11). In addition, a classification table was employed to evaluate the fit of the model. A 
classification table is used to summarize the results of the predictions from the resulting model 
and to evaluate the fitness of the model.29 The resulting final model that included the explanatory 
variables of gender (AOR = 0.709, 95% CI 0.243, 2.065), age (AOR = 1.048, 95% CI 0.820, 
1.339), and history of tonsils and/or adenoids removal correctly predicted the at risk condition of 





3.4.2. Scores on the snoring section of the PSQ and the presence of malocclusion and 
craniofacial disharmony 
 As presented in Specific Aim 3, we examined the association between scores on the 
snoring section of the PSQ (questions 1a-1d – see Appendix A) and the presence of 
malocclusion and craniofacial disharmony. For every item in this section that was answered 
“Yes,” a point was awarded. A total score in the snoring section was obtained by adding all the 
points, and the maximum score was 4 points. To dichotomize the snoring scores, the guidelines 
recommended by Dr. Chervin by direct correspondence were followed, with those having 2 or 
less points labeled as not at risk for snoring and those with 3 and 4 points labeled as at risk. Ten 
participants (6.8%) of respondents scored in the at risk snoring category, shown in Table 12.  
The following variables were included in the initial model as determined by the 
outcomes from the unadjusted bivariate associations between the independent variable and 
snoring with a p-value of <0.25. The independent variables that were included in this model 
were free/reduced lunch (p=0.047), allergies (p=0.126), palatal vault (p=0.042), and overjet 
(p=0.195) along with the forced entries of age and gender (Tables 13-15).  
 Variables were eliminated in a stepwise fashion resulting in a final model that included 
significant predictors (alpha=.05) of SDB and the forced entered variables. The resulting model 
for Specific Aim 3 included two explanatory variables, qualification for free/reduced lunch and 
palatal vault measurement, as well as gender and age as control variables. The final model 
showed that children who qualified for free or reduced lunch were 4.5 times more likely to be at 
risk for snoring (AOR=4.533, 95% CI 1.037-19.806), while children with a deep or narrow 
palate were 84.8% less likely to be at risk for snoring (AOR=0.152, 95% CI 0.033, 0.693) 
(Table 15). Again, a classification table was used to evaluate the fit of the final model.29 Along 
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with gender (AOR=1.108, 95% CI 0.817, 1.501) and age (AOR=0.340, 95% CI 0.078, 1.479), 
the variables of qualification for free/reduced lunch and a “deep or narrow” palatal vault were 
able to correctly group 92.1% of the participants in the original data set into not at risk and at risk 






 Chapter 4: Discussion 
 Sleep-disordered breathing (SDB) in children encompasses a range from primary 
snoring to OSA with associated sleep disturbances and subsequent daytime symptoms.1,5 
The link between SDB and a child’s overall wellness is substantial, with reports of poorer 
overall growth, excessive fatigue, hyperactivity, cardiovascular complications, systemic 
inflammation, craniofacial growth disharmonies, malocclusion, and poor school 
performance in children with SDB. 1,6,7-10 Though the gold standard for a diagnosis of any 
SDB disorder is polysomnography, the tests are taxing to the family due to the time, 
energy, and expense required.2 Additionally, the literature reports several shortcomings, 
mainly that PSG does not include metrics on quality of sleep and there is a lack of 
normative values for SDB.1 Taking into account that the definition of SDB is currently 
widely variable across medical specialties, a PSG test is not easily accessible to most 
families, and immense health problems are associated with SDB, there is a significant 
need of research on the subject.1  
 The current literature about the association with SDB and orthodontic 
presentations not only presents mixed findings, but also at times is debated among well-
respected clinicians and researchers in the field. For example, both Proffit and O’Brien 
both claim that current research in this field is vague and it is difficult to reach definite 
conclusions about the SDB-malocclusion association.31,32 
Our study was implemented to help address this disparity, but also to present the 
notion that orthodontic clinical practice should include additional services such as 
screening for SDB risk in children. Following the American Academy of Pediatrics 
guidelines published in 2012, every child should be screened for SDB, beginning with 
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inquiring about snoring and followed up with a detailed history.5 Currently, it is doubtful 
that widespread screening for SDB is occurring in everyday orthodontic practice. 
Orthodontists are in a unique position to screen pediatric patients for SDB, as many of the 
malocclusions and craniofacial disharmonies associated with SDB overlap with everyday 
presentations of patients in orthodontic clinics. Also, according to the AAO, orthodontists 
treat an average of 407 patients in the age range of 8-17 yearly, positioning them as an 
easily accessible healthcare provider to pediatric patients.15  
In January of 2019, the AAO held a Winter Conference solely dedicated to the 
topic of Sleep Apnea and Orthodontics. While this meeting only covered OSA and not 
SDB in general, the findings easily show the unique position of the orthodontist’s role in 
SDB management. A published White Paper by the appointed AAO task force, who 
examined current research and worked with practitioners in all sleep-related medical and 
dental fields, offered that “the task force could not identify any formal OSA guidance for 
orthodontists.” They continued to summarize why orthodontists would be a valuable part 
of a multidisciplinary team.13  The paper concludes, “Given that OSA can be a serious, 
even life‐threatening disorder and given the quality of patient management and care that 
can be provided by orthodontists, the task force determined that it was very important to 
develop specific recommendations that would be useful to an orthodontist in practice.”13  
Our study was unique in that it aimed to find an association, not just report a 
prevalence as in some recently published articles.6,33 Moreover, this study, unlike others, 
went beyond a bivariate correlation analysis to a binary multivariate logistic regression 
analysis. Our project also introduced the PSQ as an easy and quick screening tool for 
orthodontists to administer when gathering medical histories. Other articles that have 
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explored an association between SDB symptoms and malocclusion or craniofacial 
disharmony have only used parts of a completely validated instrument such as the PSQ, 
not the survey in its entirety as our study included.6,24,33 In addition, studies that have 
examined an association tend to have a homogenous group of subjects in terms of 
ethnicity and race.6,11 Because of the geographic location, the orthodontic clinic at Nova 
Southeastern University has a more diverse patient population in terms of race, ethnicity, 
and socioeconomic status.  
We hypothesized that there would be an association between the overall scores of 
the PSQ and the presence of malocclusion or craniofacial disharmony. The results 
showed that, among all of the independent variables including the medical history 
questions and the craniofacial and dental measurements, only one variable had a 
significant association in the final model. The question, “Has your child had his/her 
tonsils and/or adenoids removed?,” (AOR = 0.164, 95% CI 0.034, 0.795) was the only 
variable that went into the final model, along with the forced entries of age and gender. 
This is a notable finding because it means that, for practicing orthodontists, including this 
question in a medical history intake could be beneficial.  This further validates that 
simple questions like “Does your child snore?” taken during the medical history are not 
necessarily powerful enough to detect the possibility of SDB. While the American 
Academy of Pediatrics does recommend practitioners to ask about snoring at initial 
appointments, it also is imperative that the orthodontist take a more detailed history (e.i. 
asking about removal of tonsils and/or adenoids, including the entirety of the PSQ in a 
medical history, etc.) to determine risk of SDB and make the proper referrals as guided 
by the AAO.2, 13 
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We also hypothesized that there would be association between the scores on the 
snoring section of the PSQ and the presence of malocclusion or craniofacial disharmony. 
The results showed that children who qualified for free or reduced lunch were 4.5 times 
(AOR=4.533, 95% CI 1.037-19.806) more likely to have a high snoring score (e.i. 
answering “yes” to 3 or 4 of the 4 snoring questions). Qualifying for free or reduced 
lunch was a question we included to analyze socioeconomic status. This is in agreement 
with Keuhni et al, who found that habitual snoring was reported more frequently in 
children from lower socioeconomic households, including those with a single parent, 
overcrowded households, or low parental education (OR 1.97, 95% CI 1.46-2.66).4 
However, our results should be interpreted with caution for numerous reasons: “free or 
reduced lunch” could be shameful for some parents to report and might lead to 
underreporting, and the amount of children who scored at risk for snoring was small 
(n=10).  
In addition, the study revealed an association between a “deep or narrow” palatal 
vault and snoring scores; specifically, children with a deep or narrow palatal vault were 
84.8% less likely to score high on the snoring scale (p=0.015, AOR=0.152, 95% CI 0.033, 
0.693). This outcome is contrary to previous research findings where studies indicated that there 
is a positive association between palatal vault measurements and SDB. Specifically, these 
studies report that individuals with a deep or narrow palate have a higher likelihood of SDB. 6,7,8 
In our study, the association between the palatal vault measurements and snoring scores were 
examined in Specific Aim 3. It is well-established in the literature that mouth-breathing can alter 
the position of the mandible and tongue to a lower resting position, no longer resting against the 
palatal vault and exerting outward pressure. 9-11 This contributes to the development of a deep or 
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narrow palate. 9-11 However, a child who breathes through their mouth may or may not snore but 
could still be at risk for SDB. This is important for the orthodontist to remember when screening 
for SDB: because a narrow palatal vault may be present clinically, it does not necessarily mean 
the patient will have issues with snoring. However, snoring is not always a condition that is 
manifested in individuals with SDB. 12 Again, a comprehensive medical history and clinical 
exam are vital to make proper referrals.  
Even though there is evidence in the literature to support a positive association between 
palatal vault and SDB, the process for measuring palatal vault is inherently unreliable as specific 
guidelines of widths and heights of palatal vaults are not reported in the literature. In fact, 
numerous studies that explore the relationship between palatal vault and SDB do not include 
objective measurements on the diagnosis of palatal vault width and depth, but merely state that 
the diagnosis was present or that there was an “appearance” of this diagnosis. 3,6,8  Therefore, 
there is a need for standardized norms for palatal vault measurements in orthodontic literature, 
especially when clinical decisions are based on this diagnosis. Including validated measurements 
would give strength to future studies and would allow orthodontists to have an objective 
measure of this discrepancy rather than a subjective finding. We speculate that our findings are 
inconsistent with other literature outcomes due to the subjective measurement of this variable.  
We also calculated Cronbach’s alpha, a measure of internal consistency, for each 
of the subscales of snoring, sleepiness, and behavior. According to Peterson, the accepted 
internal reliability coefficient can range from 0.7-0.8.34 For the snoring section (questions 
1a, 1b, 1c, and 1d), we obtained a Cronbach’s alpha of 0.803. For the sleepiness scale 
(questions 4a, 4b, 5, and 6), the Cronbach’s alpha was 0.469. Lastly, the behavior scale 
(questions 10a, 10b, 10c, 10d, 10e, and 10f) had a Cronbach’s alpha of 0.808. Chervin 
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reported his Cronbach’s alpha coefficients for each scale: snoring scale, 0.86; sleepiness 
scale, 0.66; and behavior scale, 0.83.12 Therefore, the obtained alpha and the reported 
alpha are in agreement, and in both cases the sleepiness scale had the lowest Cronbach’s 
alpha. This suggests that the questions included in the sleepiness scale could need 
improvement, as they may not be as closely or consistently related to examining 
sleepiness as the questions within the other scales. 
Thought – provoking observations are noted to the response to question #2, “Have 
you ever seen your child stop breathing during the night?” The definition of pediatric 
OSA is one or more hypopneic or apneic event a night.35 If one of more hypopnea or 
apnea events occurs, could this mean that a “Yes” response to seeing the child stop 
breathing during the night would be an automatic sign of risk of SDB? Only 5.6% 
participants responded “Yes” to this question, but during the recording of the data, it was 
noted that not every participant who answered “Yes” to this question had a child that 
reached the 0.33 significance for risk of SDB. A consideration would be that the parents 
may not have known or noticed these events, so the frequency of “Yes” responses was 
low. However, an interesting examination would be the strength of this question against 
others on the PSQ, e.i. if question #2 should be given more attention because of the 
existing definition of pediatric OSA. 
Chervin, who originally created and reported the uses of the PSQ in an article he 
published in 2000, published another article in 2007 that uses the PSQ to predict the 
outcomes on a PSG test.36 The author presented that the PSQ in comparison to the PSG 
test may better predict both behavioral morbidity related to OSA and the child’s response 
to a tonsilloadenoidectomy. However, it was not reliable enough for the majority of 
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individual patients as a sole diagnostic test for SDB (sensitivity=78%, 
specificity=72%).36 Therefore, while the PSQ is valuable in research, it does not replace 
polysomnography.13, 14, 36 This information does give merit to our study because it is a 
valid instrument for screening of SDB and is useful in everyday practice., but it is highly 
important for the orthodontist to not assume the PSQ replaces the proper referrals and the 
outcomes of PSG. 13, 14, 37  
 Asking parents to recall children’s behavior and sleep symptoms is inherently 
difficult for numerous reasons. A study by Huynh et. al, in which parents were also asked 
to complete a screening tool at orthodontic appointments, reported that while screening 
tools are useful and valid, some parents tend to overreport some symptoms.6 However, 
other studies show that symptoms of pediatric SDB are underreported by parents.6, 38 A 
study by Blunden et al in 2003 showed that the presence of snoring was not discussed in 
the previous 12 months at general medical visits in about 80% of symptomatic children 
with a history of frequent snoring, and that a major factor of this underreporting could be 
a lack of parental awareness about the signs of SDB in their children.38 Another study 
reported that mothers were poor evaluators of total sleep duration, number of 
awakenings, and sleep latencies, and that while parents may be a valid source of 
information for their child’s behavior, “they do not necessarily reliably portray the 
behavior itself.” 39 
 Even though our questionnaire included the instructions to mark “…if your child 
currently does or has ever done any of the following…”, it may be difficult for a parent 
of an older teenager to remember what the child did when he or she was very young, 
especially if the event (such as snoring or waking up feeling unrefreshed) seemed 
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insignificant or run-of-the-mill to the parent. This was the case presented in a study by 
Majnemer in which the parents were asked to recall different developmental milestones, 
and it was found that there was a greater discrepancy in parental reporting associated with 
an increased time lapse from the event. 40 This was confirmed previously in an article by 
Robbins.41 In addition, an inherent memory recall bias is present in that parents could 
either overestimate or underestimate their child’s symptoms due to length of recall, 
wanting to fulfill or avoid the outcome from the PSQ, or both. 42, 43 Lastly, co-sleeping, 
defined as sharing a bed or sleeping in the same room, is a large controversy in the 
United States due to the potential link to Sudden Infant Death Syndrome.44, 45 Therefore, 
because of a lack of sharing a room or bed with the child, the parent may not be able to 
















Chapter 5: Conclusions 
 We examined the association between parent-reported symptoms of SDB on the 
PSQ with the presence of craniofacial disharmony and malocclusions in pediatric 
orthodontic patients at the NSU Orthodontic Clinic. We found a 10.9% risk for SDB in 
our population, which is in agreement with previous studies on the prevalence of SDB in 
orthodontic patients.6, 33 Though no significant associations were found between the 
children’s facial and dental measurements and the parent responses on the PSQ, the 
additional question inquiring about a history of tonsilloadenoidectomy did produce a 
significant association with risk of SDB. We also examined the association of risk for 
snoring and the presence of craniofacial disharmony and malocclusion. The 
sociodemographic question inquiring about free or reduced lunch showed that these 
children were 4.5 times more likely to be at risk for snoring, while children who had a 
deep or narrow palate were 84.8% less likely to be at risk for snoring. 
 Our findings suggest that orthodontists are at unique position to screen for SDB, 
following the recommendation from the American Academy of Pediatrics and the AAO 
to incorporate screening for SDB into everyday practice. 2, 13 Our study proposes the PSQ 
to be used as a screening tool, in addition to other related medical history questions, 
facial, and dental measurements, for orthodontists to acquire sufficient information to 
make proper referrals for the diagnosis and management of SDB. 
5.1 Strengths and Limitations 
 A strength of our study is that it is among the first, to our knowledge, to attempt 
to find a predictive model for the risk of SDB by examining numerous craniofacial and 
dental measurements and finding an association with parent-reported scores on the PSQ. 
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The PSQ was an appropriate screening tool to address our specific aims as numerous 
studies have supported its use in research and in clinical practice.12, 13, 14, 37 Our study was 
also strengthened by including additional medical history questions that elicited parental 
responses about other variables associated with SDB, including history of 
tonsilloadenoidectomy, which produced a significant association with risk for SDB. 
 Despite our best efforts to include a validated SDB screening questionnaire and 
research-supported SDB- associated craniofacial disharmonies and malocclusions, only 
16 children were found to be at risk, a relatively low number to properly examine 
significant associations. In addition, our study was skewed in age towards older children 
(aged 14 and above) and is therefore inaccurate to extrapolate our results to children of 
younger ages. Again, the measurement of palatal vault is subjective as no reported norms 
are available in the literature, and this could have skewed our results. Lastly, the pictures 
used to record the craniofacial measurements were not calibrated, and though this was 
accounted for by using the largest range of reported norms in orthodontic literature, using 
calibrated pictures may have led to more accurate data. 23, 24 
5.2 Future Studies 
Our study adds to the current literature about SDB in orthodontic patients and our 
findings offer a unique perspective in the orthodontist’s role in inquiring about the 
removal of tonsils and adenoids in patients. However, there are many areas for future 
research in this field. There is a need for future investigation of demographics, including 
age, gender, and race and ethnicity, that could help determine which populations are more 
at risk for SDB. A notable study would be to include only parents who smoke inside, as 
the number of participants in our study who reported smoking were extremely low. Also, 
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further research could be conducted to analyze if some of the questions on the PSQ are 
more indicative of a high risk of SDB than others (ex: A “Yes” response to “Have you 
ever seen your child stop breathing at night?” places the child at an automatic high risk 
for SDB and in need of a referral to a pediatrician). Further research could also be 
conducted to determine proper and effective ways of educating parents about symptoms 
of SDB in children, helping to absolve one of the many issues in lack of accurate parental 
reporting. Lastly, future studies could also examine efficient and effective ways to 
educate orthodontic residents with proper methodology in screening, referral, treatment, 












































Child’s Name:  ______________________________   
Child’s Date of Birth: ________________________          
Relationship of person completing form to child:  ________________________   
Date: _____________ 
 
Child’s Height: __________________ inches  
Child’s Weight:__________________ pounds 
Race: (please check) 
               White: _______ 
 Black or African American: _________ 
 Hispanic or Latino: _________ 
 American Indian or Alaska Native: ___________ 
 Asian: __________ 
 Native Hawaiian or Other Pacific Islander: __________ 
 Other: _________________ 
 
What is the highest level of completed parental education? (please check)  
Middle school/Junior High: ___________ 
High school/GED: _________ 
College or beyond: ___________ 
 
Does your child attend public school?    Y N (Homeschool) 
 
Does your child qualify for free or reduced lunch?  Y N 
 
Medical History: 
1. Has your child had his/her tonsils and/or adenoids removed?  Y N    
2. Did your child suck on his/her thumb past the age of 5?  Y     N            
3. Does your child have asthma?  Y      N 
4. Does your child have allergies?  Y     N 
5. Does your child have frequent colds?  Y     N 
6. In the last 3 months, has a family member smoked inside the house or car? Y N 
a. One parent? Y      N 




PEDIATRIC SLEEP QUESTIONNAIRE 
 
Please answer these questions regarding the behavior of your child during sleep and wakefulness.  
Please answer these questions if your child currently does or has ever done any of the following 
(including prior to orthodontic treatment.)  
 
1. While sleeping, does your child:                                                       YES NO DON’T KNOW 
a. Snore more than half the time? Y N DK 
b. Always snore? Y N DK 
c. Snore loudly? Y N DK 
d. Have “heavy” or loud breathing? Y N DK 
e. Have trouble breathing, or struggle to breathe? Y N DK 
 
2. Have you ever seen your child stop breathing during the night? Y N DK 
 
3. Does your child: 
a. Tend to breathe through the mouth during the day? Y       N      DK 
b. Have a dry mouth on waking up in the morning? Y      N       DK 
c. Occasionally wet the bed? Y      N DK 
 
4. Does your child: 
a. Wake up feeling unrefreshed in the morning? Y      N DK 
b. Have a problem with sleepiness during the day? Y       N DK 
 
5. Has a teacher or other supervisor commented that  
your child appears sleepy during the day? Y      N  DK 
 
6. Is it hard to wake your child up in the morning? Y     N DK 
 
7. Does your child wake up with headaches in the morning? Y      N  DK 
 
8. Did your child stop growing at a normal  
rate at any time since birth? Y     N DK 
 
9. Is your child overweight? Y     N  DK 
 
10. This child often: 
a. Does not seem to listen when spoken to directly Y       N  DK 
b. Has difficulty organizing tasks and activities Y       N DK 
c. Is easily distracted by extraneous stimuli Y       N DK 
d. Fidgets with hands or feet or squirms in seat Y       N  DK 
e. Is “on the go” or often acts as if “driven by a motor” Y N DK 
f. Interrupts or intrudes on others  
(ex: butts into conversations or games) Y N DK 
 
THANK YOU! 
Chervin RD, Hedger K, Dillon JE, Pituch KJ. Pediatric sleep questionnaire (PSQ): validity and reliability of scales for sleep-







El nombre del niño/a: ______________________________ 
Fecha de nacimiento de su niño/niña ______________________________ 




Estatura del niño/a: __________________ pulgadas 
Peso del niño/a: __________________ libras 
 
Seleccione la raza de su hijo/a:  
Blanca: _______ 
Negra o afroamericano: _________ 
Hispano o latino: _________ 
Indio americano o nativo de Alaska: ___________ 
Asiático: __________ 
Nativo de Hawaii u otra isla del Pacífico: __________ 
Otra: _________________ 
 
¿Cuál es el nivel más alto de educación de los padres?  
Secundaria: ___________ 
Colegio o más alto: ___________ 
 
¿Su hijo asiste a la escuela pública? ........................................... .................................... S            N 
¿Cualifica su hijo para almuerzo gratis o reducido? ........................................ ................S           N 
 
Historial médico: 
1. ¿Le han extraído las amígdalas y / o los adenoides a su hijo? .............................         S           N 
2. ¿Su hijo se chupó el pulgar o dedo gordo de la mano después de la edad de 5 años?   S           N 
3. ¿Su hijo tiene asma? .......................................... .....................................                      S           N 
4. ¿Su hijo tiene alergias? .......................................... ....................................                   S           N 
5. ¿Su niño tiene resfriados frecuentes? ......................................... ...........................       S            N 
6. En los últimos 3 meses, ¿ha fumado un miembro de la familia dentro de la casa o el automóvil?  
a. ¿Uno de los padres? ............................................... ....................................      S           N 




















ANEXO 2.  Versión reducida del Pediatric Sleep Questionnaire 
 
A.  Conducta durante la noche y mientras duerme: 
Cuando duerme su hijo/a...     
... ronca más de la mitad del tiempo?  S N     NS  
... ronca siempre?  S N     NS  
... ronca de forma ruidosa?  S N     NS  
... tiene una respiración ruidosa o profunda?  S N     NS  
... tiene problemas o dificultad para respirar?  S N     NS  
 
Alguna vez...     
... ha visto a su hijo parar de respirar por la noche?  S N     NS  
 
Su hijo     
... tiene tendencia a respirar con la boca abierta durante el día?  S N     NS  
... tiene la boca seca cuando se despierta por las mañanas?  S N     NS  
... de vez en cuando moja la cama?  S N     NS  
B.  Conducta durante el día y otros problemas posibles:     
Su hijo...     
... se despierta cansado por las mañanas?  S N     NS  
... se va durmiendo durante el día?  S N     NS  
¿Su profesor o cualquier otro cuidador le ha comentado alguna vez que su 
hijo pa 
rece    
que esté dormido durante el día?  S N     NS  
¿Le cuesta despertar a su hijo por las mañanas?  S N     NS  
¿Su hijo se queja de dolor de cabeza por las mañanas, cuando se despierta?  S N     NS  
¿Alguna vez su hijo, desde que nació, ha tenido un “parón” en su 
crecimiento?  
S N     NS  
Su hijo tiene sobrepeso (pesa más de lo normal para su edad)?  S N     NS  
 
C. Por favor marque con una x la casilla correspondiente → 
    
     
No parece escuchar lo que se le dice             S N     NS   
Tiene dificultad para organizar sus actividades S N     NS   
Se distrae fácilmente con estímulos irrelevantes S N     NS   
Molesta moviendo las manos y los pies mientras está sentado S N     NS   
Está permanentemente en marcha como si tuviera un motor S N     NS   
Interrumpe las conversaciones o los juegos de los demás S N     NS   




































































































































































































































       One Parent? 
                 No 
                 Yes 
       Both Parents? 
                 No 





























Table 4. Descriptive Statistics for Parent-Reported Outcomes from the PSQ 
 
Variables Frequency 




1.When sleeping, does your child: 
  a. Snore more than half the time? 
                         No 
                         Yes 
                         Don’t Know 
  b. Always snore? 
                         No 
                         Yes 
                         Don’t Know 
  c. Snore loudly? 
                         No 
                         Yes 
                         Don’t Know 
  d. Have “heavy” or loud breathing? 
                         No 
                         Yes 
                         Don’t Know 
  e. Have trouble breathing, or struggle to breathe? 
                         No 
                         Yes 














































2. Have you ever seen your child stop breathing  
    during the night? 
                         No 
                         Yes 














3. Does your child: 
  a. Tend to breathe through the mouth during the day? 
                         No 
                         Yes 
                         Don’t Know 
  b. Have a dry mouth on waking up in the morning? 
                         No 
                         Yes 
                         Don’t Know 
  c. Occasionally wet the bed? 
                         No 
                         Yes 
































4. Does your child: 
  a. Wake up feeling unrefreshed in the morning? 
                         No 
                         Yes 
                         Don’t Know 
  b. Have a problem with sleepiness during the day? 
                         No 
                         Yes 






















5. Has a teacher or other supervisor commented that your 
child appears sleepy during the day? 
                         No 
                         Yes 














6. Is it hard to wake your child up in the morning? 
                         No 
                         Yes 












7. Does your child wake up with headaches in the 
morning? 
                         No 
                         Yes 












8. Did you child stop growing at a normal rate at any time 
since birth? 
                         No 
                         Yes 














9. Is your child overweight? 
                         No 
                         Yes 












10. This child often: 
  a. Does not seem to listen when spoken to directly? 
                         No 
                         Yes 
                         Don’t Know 
  b. Has difficulty organizing tasks and activities? 



















                         Yes 
                        Don’t Know 
  c. Is easily distracted by extraneous stimuli? 
                        No 
                        Yes 
                        Don’t Know 
  e. Fidgets with hands or feet or squirms in seat? 
                        No 
                        Yes 
                        Don’t Know 
  e. Is “on the go” or often acts as if “driven by a motor”? 
                        No 
                        Yes 
                        Don’t Know 
  f. Interrupts or intrudes on others (ex: butts into 
conversation or games)? 
                         No 
                         Yes 








































Calculated Risk for SDB (0.33 and above) 
                        At Risk 



































Table 5. Descriptive Statistics for Craniofacial Disharmony and Malocclusion 
 
Variables Frequency 
  (Mean) 
Percent 

































Deep or Narrow 
Normal 








































































































Table 6. Recoded Craniofacial Disharmony and Malocclusion Variables 
 
Variables Frequency 
  (Mean) 
Percent 













































































































Table 7. Bivariate Associations between Risk for SDB and Demographic Information 
 
          95% CI for OR   



































































Table 8. Bivariate Associations between Risk for SDB and Medical History Questions 
 
 Variables             95% CI for OR   




















































Parent Smoking Inside? 
- One Parent? 


















      *P-value <0.05. 







Table 9. Bivariate Associations between Risk for SDB and Craniofacial Disharmony and 
Malocclusion 
 
Variables  95% CI for OR   













































































































Table 10. Bivariate Associations between Risk for SDB and PSQ Responses 
 
Variables  95% CI for OR   
 Odds Ratio  Lower Upper    P-value 
 
1.When sleeping, does your child: 
  a. Snore more than half the time? 
  b. Always snore? 
  c. Snore loudly? 
  d. Have “heavy” or loud breathing? 
  e. Have trouble breathing, or   































2. Have you ever seen your child 












3. Does your child: 
  a. Tend to breathe through the 
mouth during the day? 
  b. Have a dry mouth on waking up 
in the morning? 






























4. Does your child: 
  a. Wake up feeling unrefreshed in 
the morning? 
  b. Have a problem with sleepiness 
























5. Has a teacher or other supervisor 
commented that your child 
























7. Does your child wake up with 











8. Did you child stop growing at a 


































  a. Does not seem to listen when 
spoken to directly? 
  b. Has difficulty organizing tasks 
and activities? 
  c. Is easily distracted by extraneous 
stimuli? 
  d. Fidgets with hands or feet or 
squirms in seat? 
  e. Is “on the go” or often acts as if 
“driven by a motor”? 
  f. Interrupts or intrudes on others 































































Table 11. Multivariable Logistic Regression for Risk for SDB and the Presence of 
Craniofacial Disharmony and Malocclusion 
 
  95% CI for 
AOR 
  








































Table 12. Descriptive Statistics for Snoring Subscale Scores 
 
 Frequency Percent 
 
Number of Questions Answered  










   92 
   16 
   4 
   5 
   5 










Not at Risk for Snoring    137 93.2% 





Table 13. Bivariate Associations between Risk for Snoring and Demographic 
Information 
 
  95% CI for OR   















































































    *P-value<0.05. 
    **Due to small number of participants, the OR and CI could not be calculated. 





Table 14. Bivariate Associations between Risk for Snoring and Medical History 
Questions 
 
  95% CI for OR   




































































   *Due to the small number of participants, the OR and CI could not be calculated. 




Table 15. Bivariate Associations between Risk for Snoring and  
Craniofacial Disharmony and Malocclusion 
 
  95% CI for OR   
























































































Table 16. Multivariable Logistic Regression for Risk of Snoring and  
the Presence of Craniofacial Disharmony and Malocclusion 
 
  95% CI for AOR   
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